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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to a sizing sleeve s 
arrangement for controlling the outer dianaeter of a plas- 
tic tube being produced by a continuous tube fomiing 
process such as extrusion, or by an expansion process 
such as that generally described in WO-A-9002644. 
wherein the tube at least in the region of the sizing io 
sleeve is under positive internal pressure. 
[0002] It is known to provide sizing sleeves for tube 
diameter control with passages allowing the injection of 
lubricating water between the sleeve and the travelling 
tube, for example as achieved by a helical channel is 
about the sleeve as described in WO-A-91 04 147 and 
EP-A2-0 385 285. in the case where the Inside of the 
tube is not pressurised, these sizing sleeves may also 
have apertures In the sizing sleeve for applying a vacu- 
um to the outside of the tube. 
[0003] Document GB 1 1 54 259 discloses an appara- 
tus for sizing and cooling a plastic extnidate )n accord- 
ance with the preamble of appended claim 1, wherein 
the sleeve is axlalty segmented into high and low pres- 
sure portions, such that lubricating fluid supplied by the 25 
high pressure portion fonns a layer between the sizing 
sleeve and the plastic extmdate and is drained at the 
low pressure portions. 

SUMMARY OF THE INVENTION ^ 

[0004] It is an object of the present invention to pro- 
vide a sizing sleeve for controlling efficiently the outer 
diameter of an internally pressurized plastic tube. 
Therefore, the present Invention provides a sizing 35 
sleeve according to appended claim 1 . 
[0005] Preferred embodiments of the sizing sleeve 
are defined in the dependent claims. 
[0006] The solution proposed has the advantage that 
very fine injection apertures can be produced the size 40 
and shape of which can be carefully controlled. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] Further prefen-ed embodiments will now be de- 
scribed with reference to the accompanying drawings, 
in which: 



Fig. 5 Is a detail of a groove cut Into the end of the 
segment; 

Fig. 6 is a partial end view of an attemative modular 
sizing sleeve; 

Figs. 7A and 7B are part axial cross-sections taken 
along lines 7A-7A and 7B-7B respectively of Fig. 6; 

Fig. 8 is a part axial cross-section of an entry ar- 
rangement for the sizing sleeve; and 

Figs. 9 and 10 are axial views of a further embodi- 
ment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0008] With reference to Fig. 1 , the extruded tube 2 is 
formed to approximately the desired outside diameter, 
but requires calibration to ensure conformance to re- 
quired specifications. While the material of the tube is 
still sufficiently plastic to be shaped, the tube approach- 
es a sizing apparatus for fine control of the final outside 
diameter. In the context of the present invention the ex- 
truded tube Is under positive intemal pressure, thus 
pressing the tube against the cylindrical inner surface of 
the sizing apparatus. Cooling is applied to the extruded 
tube within and downstream of the sizing apparatus to 
lock in the final diameter. 

[0009] The illustrated sizing sleeve means consists of 
a plurality of pressurised sizing sleeve portions 1 0 alter- 
nated with drainage zones 1 2. 1 n the arrangement of Fig . 
1 , each drainage zone may be a small gap between ad- 
jacent pressurised portions 10 of the sizing sleeve 
means, allowing sufficient area for the water Injected in 
the previous pressurised portion to escape and isolating 
adjacent pressurised portions but insufficient unsup- 
ported length to allow substantial outwards creep of the 
tube. 

[0010] Each pressurised portion 10 Is fonned as a 
jacketed tube, the inner tube 1 4 being perforated with a 
large number of injection apertures 16. Cool water from 
a high pressure source 1 7 is introduced under pressure 
to the annular manifold space between the inner 1 4 and 
outer 18 tubes and Is Injected through the apertures 16 
to fomn a fine layer of water which both lubricates the 
movement of the tube pastthe inner surface of the sizing 
sleeve and coots the outside of the tube to lock in the 
final tube diameter.. 

[0011] The sizing sleeve means is also adapted for 
the situation where the tube entering the sizing sleeve 
Is not at its extruded diameter, but is instead being dia- 
metrically expanded in order to impart circumferential 
orientation of the polymer molecules. In the arrange- 
ments described in International Patent Application 
Nos. WO 90/02644 and PCT/AU94/00784, the tube is 
expanded by means Internal fluid pressure restrained 



Fig. 1 is a schematic longitudinal cross-section 
showing a first embodiment; 

Fig. 2 is a similar view of a second embodiment; and 

Fig. 3 is an elevation, partly in cross-section, of a 
modular sizing sleeve; 

Fig. 4 is an end view of a segment of Fig. 4; 
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by an inflatable plug. A sizing sleeve according to the 
Invention may be located at the downstream limit of ex- 
pansion of the tube In order to provide final diameter 
control of the expanded tube. 
[0012] The separation of the pressurised portions 10 
by drainage zones 1 2 allows the injected water from the 
upstream pressurised portion to escape, preventing 
build up of water between the tube and the sleeve inner 
surface, which can result in fluctuations in diameter of 
the resultant tube. 

[0013] The drainage zones further allow isolation of 
pressure zones and limit or eliminate pressure commu- 
nication between them. The present applicants have 
found that, if this is not the case, an oscillatory system 
can be set up due to interactions between axially moving 
deformations on the tube and the pressure field within 
the injected fluid. Isolation of pressure zones allows the 
pressure profile to be set and maintained at a specified 
profile without "cross-talk" or Interference between 
zones. 

[0014] The pressure of the fluid layer between the 
sleeve inner surface and the tube will be substantially 
equal to the internal pressure in the tube less a compo- 
nent due to the elastic and viscous resistance of the tube 
wall. 

[0015] In practice, the wall thickness of the tube being 
extruded will typically vary by ±10%, which will cause 
variation of a similar magnitude in the elastic and vis- 
cous resistance to the internal pressure. As the tube wail 
resists a large component, typically 60-90%, of the in- 
ternal pressure, and the lubricating layer pressure is 
therefore only the remaining 10-40%, the 1 0% variation 
in resistance translates to about ±50% variation In the 
lubricating layer pressure. 

[001 6] The sizing apparatus preferably includes injec- 
tion fluid flow rate stabilising means which substantially 
reduces variation in the rate of fluid Injection caused by 
pressure variations of the lubricating layer. Preferably 
the fluid flow rate stabilising means causes a 50% var- 
iation in the lubricating layer pressure to result in less 
than 20%, preferably less than 10%, variation in the In- 
jection rate. 

[0017] In one arrangement, the flow rate stabilising 
means can control the fluid supply to the Injection aper- 
tures 16, for example comprising a flow control device 
28 (see Fig. 2) placed in the fluid supply lines to each 
of the pressurised portions 10. The flow control device 
28 may be high pressure drop constriction, such as an 
orifice, provided with substantial excess pressure at Its 
upstream side so that normal variations in pressure at 
the downstream side have little effect on the flow rate 
through the device. For example, the pressure drop 
caused by the constriction device should be greater than 
the lubricating layer pressure. 
[0018] In order to provide sufficient flow rate stability, 
the pressure provided by the fluid source is preferably 
at least 100% and most desirably at least 150% of the 
maximum internal pressure, at least in the pressurised 



portion adjacent the entry end of the sizing sleeve. At 
this point, the tube wall is in a plasticstate and the elastk; 
resistance to the Intemal pressure is at its lowest, but 
will still counteract a very significant proportion of the 

5 intemal pressure and thus the fluid source pressure will 
be substantially greater than the lubricating layer pres- 
sure. As the tube progresses through the sizing sleeve, 
the outer surface of the tube Is cooled by the fluid film 
and the thickness of the outer hardened portion of the 

10 tube progressively increases until the tube no longer re- 
quires diametral support from the film pressure to hold 
its diameter under the stress of the Internal pressure. 
Thus, the fluid supply pressure can be reduced progres- 
sively along the sizing sleeve if desired. 

15 [0019] Alternatively, the high pressure source and or- 
ifice may be substituted by a mechanical flow control 
device which adjusts to keep the flow rate relatively con- 
stant. 

[0020] The drainage zones can be simply a gap 12 
20 between adjacent pressurised sleeve portions, as 
shown in Fig. 1. Alternatively, the drainage zones can 
be part of a continuous sizing sleeve, as shown In Fig. 
2. In this embodiment, the sizing sleeve is formed as a 
jacketed tube, the inner tube having a plurality of aper- 
25 tures or circumferential slots 26 therethrough. 

[0021 ] The region between the inner and outer tubes 
is divided Into a plurality of regions 20 by a series of 
radial walls 22, with each region having a spigot 24 or 
other means for connection of fluid supply/outlet tubes. 
30 The regions 20a to which a supply of fluid under pres- 
sure is connected act as pressurised portions as in Fig. 
1 , while those regions 20b to which fluid outlet tubes are 
connected act as collection manifolds and thus drainage 
zones. 

35 [0022] This an^angement allows flexibility in function, 
as the relative length of the pressurised portions and 
drainage zones can be varied to suit process conditions, 
by changing the number and order of the regions con- 
nected to fluid supply or to outlet. For example, in Fig. 

40 2 the pressurised portions 10 have a length consisting 
of two successive regions, followed by drainage zones 
of one region. 

[0023] In the arrangement of Fig. 2 the apertures in 
each sizing sleeve portion are relatively large, for exam- 

^ pie at least 1 mm per 1 00mm tube diameter or a circum- 
ferential slot 26 to present minimal pressure drop to the 
fluid Injection and drainage. The pressure of the mani- 
fold is therefore approximately equal to the lubrication 
layer pressure. Each pressurised manifold Is connected 

50 to the high pressure fluid source 17 via a flow stabilising 
means 28 as discussed above. It is prefen^ed that each 
manifold Is connected to the source 17 via a separate 
flow stabiliser 28, so that fluctuations in tube wall thick- 
ness will not cause one chamber to Inject excessive wa- 

55 ter at the expense of the other chambers. 

[0024] In an unillustrated modification of Fig. 2, the 
injection slots 26 or apertures can be divided Into a 
number of circumferential sectors and the fluid supply 



3 



5 



EP 0 850 133 B1 



6 



to each sector made independent by providing each with 
its own flow stabiliser. Alternatively, each sector can be 
provided with a separate fluid supply. This latter ar- 
rangement can be used to control fluid supply pressure 
to each part of the sleeve circumference independently. 5 
The applicant has detennined that the eccentricity In the 
circularity and wall thickness of the tube approaching 
the sizing device is often caused by pin offset in the ex- 
truder head producing the tube. Such eccentricity is reg- 
ular and predictable, and thus may be amenable to com- 
pensation by independent control of the injection fluid in 
the sizing device In a number, for example three to eight, 
of circumferential sectors. 

[0025] An alternative means of attaining flow stability 
is to Inject fluid through a large number of fine apertures, 
for example less than about 0.5mm and more preferably 
less than about 0.25mm in hydraulic diameter. For larger 
tube diameters e.g. over 100mm, flow stability may be 
achieved using apertures of hydraulic diameter less 
than 0.5% of the tube diameter. These fine apertures 
restrict the flow therethrough, maintaining the high pres- 
sure drop between the fluid supply and the lubricating 
fluid layer, so that flow through each hole is substantially 
Independent and does not vary substantially even if the 
tube wali is spaced from the inner surface of the sizing 
sleeve in the vicinity of the hole due to local defonnation 
or eccentricity In the tube. Thus, the use of high pressure 
drop injection apertures and a high pressure fluid source 
as the flow stabilising means has the advantage of sta- 
bilising the fluid Injection about the sizing sleeve circum- 
ference as well as stability of the overall fluid flow Into 
the sizing sleeve. 

[0026] Figs. 3 to 5 illustrate a modular sizing sleeve 
construction according to a further embodiment, which 
facilitates the fonnation of fine injection apertures. 
[0027] The sizing sleeve is fomied of a series of seg- 
ments 30 each integrally comprising an inner ring por- 
tion 32, a bridging portion 24 at one end, and an outer 
coaxial ring portion 36 with an Inlet or outiet aperture 37. 
[0028] The inner and outer ring portions are offset ax- 
iaily and radially from each other, so that the fitting seg- 
ments together forms a substantially continuous sizing 
sleeve surface surrounded by a series of annular man- 
ifolds 38. Each manifold is sealed against external leal<- 
age by an o-ring 40 in a groove 42 in one segment con- 
tacting a surface of the next segment, and the segments 
are held in place by a clamping arrangement consisting 
of a pair of clamping rings 44, 46 joined by a series of 
tie bars 48. The upstream clamping ring 44 may have 
an inner surface 50 acting as a lead in portion for the 
sizing sleeve, having a rounded entry part 52 fomied of 
polymer material such as high density polyethylene 
(HOPE). 

[0029] The front end face of each inner ring portion 
abuts the bridging portion rear face 54 of the adjoining 
segment, and has a series of radial grooves 56 milled 
therein. When adjacent segments are Joined together 
and the manifolds connected to a high pressure fluid 



supply these grooves serve as the injection apertures 
for injection of the fluid to the inside of the sizing sleeve. 
[0030] An advantage of this construction Is that the 
size and shape of the Injection apertures can be care- 
fully controlled because the manufacture involves cut- 
ting notches into an end surface of each segment ratiier 
than laser or physical drilling through the body of the 
sizing sleeve. Very fine apertures can be produced, for 
example triangular notches about 0.1 - 0.2mm deep and 
0.1 - 0.3mm wide (see Fig. 5), by conventional machin- 
ing techniques. Another advantage of this construction 
is the ability to dismantle and clean the sizing sleeve In 
the event of blockage of the Injection apertures. 
[0031] The very fine aperture size causes high pres- 
sure drop and allows Independent flow through each ap- 
erture, as discussed previously. For example, a pres- 
sure drop across the apertures of 3-4 MPa can be 
achieved. This Is In practice many times greater than 
the pressure of the lubricating fluid layer, which drives 
fluid exit at the drainage zones, and the inventors have 
found that it is highly desirable for the drainage aper- 
tures of each drainage zones to have a greater aperture 
area than the preceding pressurised zone. To achieve 
this, each segment to be used as a drainage zone may 
be spaced by a small amount, for example 0.2 - 2mm, 
from the previous segment by a spacing member such 
as a shim in order to create a circumferential drainage 
slot of that width. By way of example, the sizing sleeve 
may consist of twelve such segments and have each 
fourth segment spaced by 0.5mm to act as a drainage 
zone. Alternatively, special drainage segments can be 
provided, having a larger aperture area than the injec- 
tion segments. 

[0032] Figs. 6 to 78 iliustrates an attemative modular 
sizing sleeve, which allows water to be injected at sev- 
eral places along the length of each segment. The ar- 
rangement is particulariy adapted for use as the first 
pressurised portion of the sizing sleeve, where cooling 
and lubrication requirements are high, but if required this 
construction may be extended along the length of the 
sizing sleeve. 

[0033] In this constmction, the structure of the sizing 
sleeve is f onned by a number of overiapping segments, 
each containing a fluid intet or drainage connection 37. 
As seen from Fig. 7A, the second and subsequent seg- 
ment 30b Integrate the Inner part 58, fomnlng the inner 
surface of the sizing sleeve, with the outer part 60 which 
includes the fluid connection 37. The end surface 62 of 
the inner part is notched as described above for Figs. 4 
to 6, to fonn injection or drainage apertures, and fluid 
passages 64 lead from the apertures 66 to the fluid con- 
nection 37. 

[0034] The first segment 30a consists of an outer sup- 
port ring 68 which mates with the second segment and 
has the fluid inlet 37, and a series of shorter inner rings 
70 fitted inside to fomn the sizing sleeve inner surface. 
As seen in Figs. 7 and 88, the Inner rings have aligned 
bores 72 running therethrough at angulariy spaced \o- 



15 



20 



25 



30 



35 



40 



45 



50 



7 



EP 0 850 133 B1 



8 



cations. The inner rings also have radial grooves 66 in 
their end surfaces and are chamfered at their outer edg- 
es so that, when adjacent rings are abutted together the 
adjacent chamfers fomri a circumferential fluid distribu- 
tion channel 74 communicating with the radial channels 
fonned by the grooves. The bore 72 through each ring 
70 is flared to provide fluid communication with the cir- 
cumferential channels and thus provide fluid to the In- 
jection apertures. 

[0035] Fig. 8 illustrates an altemative entry arrange- 
ment for the sizing sleeve, Incorporating an adjustable 
width fluid Injection aperture. 

[0036] The illustrated entry arrangement is fitted to a 
sizing sleeve comprising segments of the type designat- 
ed by reference numeral 30b in Fig. 7A, but is suitable 
for use with sizing sleeves of other types. A fonivardly 
facing channel ring 76 has a flange 78 extending in- 
wards to align with the inner surface of the sizing sleeve, 
with an inwardly angled front surface 80 sun'ounding the 
sizing sleeve opening. The outer part of the channel in- 
corporates the fluid inlet port 82 for providing water to 
the manifold 84 defined within the channel. The front of 
the channel is closed off by an externally threaded entry 
flange 86 which screws Into engagement with a fine in- 
ternal thread 88 on the outer part of the channel. The 
front surface of the entry flange includes a frustoconical 
lead In portion 90 which extends Inwards to a diameter 
slightly smaller, for example up to 1 mm or more prefer- 
ably about 0.2mm, than that of the sizing sleeve inner 
surface. The smaller diameter lip functions as a seal with 
the plastic tube which bears against it with a high pres- 
sure. The contact surface 91 should preferably have a 
hard coating such as DLC (diamond-like coating). 
[0037] The entry flange rear surface is parallel to the 
front surface 80 of the inwards flange 78 to create a cir- 
cular fluid Injection slot. This injects the lubricating water 
behind the overhanging lip of the lead in portion 90 to 
fomi a lubricating layer which is carried along by the 
travelling tube. The width of the slot 92, and therefore 
the amount of liquid injected as the lubricating layer, may 
be adjusted by screwing the threaded flange 86 in or out 
relative to the channel ring 76; 
[0038] Fluid injected in a first portion of the sizing 
sleeve may be at a higher temperature than the fluid in- 
jected further downstream, so that the tube travel in the 
initial part of the sizing sleeve is lubricated without cool- 
ing the tube so that it more readily adopts the shape of 
the sizing sleeve. In the remainder of the sizing sleeve, 
the Injection fluid both lubricates and cools the tube. 
[0039] In further modifications, the pressure and/or 
temperature profiles along the length of the sizing de- 
vice can be controlled by varying the temperature and 
pressure of the fluid Injected at various points along its 
length. In this way. it is possible to exert fine control over 
the final diameter of the resultant tube. For example, 
each pressurised sizing sleeve portion may have a sep- 
arate fluid source with independently controllable tem- 
perature and pressure. 



[0040] Figs. 9 and 10 show a further embodiment of 
a modular sizing sleeve, in which each segment 94 con- 
sists of an inwards facing circumferential channel 96 
with an outwards supporting flange 98. An anray of the 
5 axial rods 1 00 pass through the support flanges 98 of 
the segments to hold them in an axially spaced forma- 
tion. 

[0041] Each channel ring includes a pair of hardened 
Inner surfaces 1 02a, 1 02b serving as sizing sleeve sur- 
10 faces for supporting the travelling tube 104, and has a 
fluid supply 106, and injection aperture 108 leading to 
the annular space 1 1 0 defined between the channel and 
the tube. The injection fluid is supplied under pressure 
to this annular space 110 to support the tube in this re- 
's gion. The water flow through the apertures 1 08 may be 
adjustable by means of a threaded adjustment member 
112 as best seen in Fig. 10. 

[0042] The space 114 between the adjacent seg- 
ments f ornis the drainage zone of the sizing sleeve, with 

20 the relative proportions of the injection and drainage 
zones being adjustable by changing the spacing of the 
segments. As illustrated, the sizing sleeve solid surface 
area, surfaces 102a and 102b, may be approximately 
equal to the remaining area presented by the spaces 

25 110 and 114. Furthermore, with open contact between 
the tube 104 and cooling water in a cooling bath (not 
shown) in which the sizing sleeve is situated, the tem- 
perature control may predominantly be carried out by 
the cooling water rather than the injection water and ap- 

30 plication of vacuum to the tube exterior in the drainage 
zones Is easily achieved. Warm water may be Injected 
to the first segments to assist the tube to adopt the sizing 
sleeve diameter. 

[0043] in addition, asthereisnotinterfittingoftheseg- 
35 ments, it is a simple matter to grade the inner diameter 
of successive segments down slightiy to accommodate 
slight shrinkage of the tube by cooling as It passes 
through the sizing sleeve. 

[0044] While particular embodiments of this invention 
40 have been described, it will be evident to those skilled 
in the art that the present invention may be embodied, 
in other specific fomris without departing from the essen- 
tial characteristics thereof as defined in the appended 
claims. The present embodiments and examples are 
45 therefore to be considered in all respects as illustrative 
and not restrictive, the scope of the invention being in- 
dicated by the appended claims rather than the forego- 
ing description, and all changes which come within the 
meaning and range of equivalency of the claims are 
50 therefore intended to be embraced therein. 



Claims 

55 1 . A sizing sleeve for controlling the outer diameter of 
an internally pressurised plastic tube (2) travelling 
through the sizing sleeve, the sizing sleeve having 
an upstream and a downstream end relative to the 
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tube travel, including at least two pressurised sizing 
sleeve portions each having means for Injecting flu- 
id under pressure substantially about the circumfer- 
ence of the tube (2) to fomri a lubricating fluid layer 
between a sizing sleeve inner surface and the tube 
(2), the pressurised! sizing sleeve portions are axl- 
ally separated and isolated from each other by a 
drainage zone, characterised In that each pressu- 
rised sizing sleeve portion comprises an Inner siz- 
ing sleeve member having a plurality of coaxial 
rings (30) arranged end-to-end and each having a 
plurality of injection apertures (56) extending there- 
across, and an annular Injection fluid manifold (38) 
radially surrounding the inner sizing sleeve mem- 
ber, receiving fluid from a fluid supply means and 
communicating with said Injection apertures (56), 
the Injection apertures (56) being fomned between 
end surfaces (54) of adjacent rings, said injection 
apertures being fomned by grooves in one or more 
of said end surfaces (54), and said grooves com- 
municating with said fluid supply means and ex- 
tending to the sizing sleeve inner surface. 

2. The sizing sleeve according to claim 1 , character- 
ised in that said grooves (54) extend substantially 
radially across said end surface. 

3. A sizing sleeve according to claim .1 or 2, charac- 
terised In that the Injection apertures (56) cause a 
sufficiently high pressure differential between the 
manifold (38) and the tubricatlng fluid layer so that 
a 50% variation in pressure of the lubricating fluid 
layer causes less than 20% variation in the rate of 
fluid injection through said apertures (56). 

4. A sizing sleeve according to claim 3, characterised 
In that pressure in said manifold (38) exceeds the 
internal pressure in said tube (2). 

5. A sizing sleeve according to claim 4, characterised 
In that manifold pressure exceeds 150% of the in- 
ternal pressure In said tube (2). 

6. A sizing sleeve according to any one of claims 3 to 
5, characterised in that said injection apertures 
(56) have a diameter less than 0.5 mm. 

7. A sizing sleeve according to claim 6, characterised 
In that said injection apertures (56) have a diameter 
less than 0.25 mm. 

8. A sizing sleeve according to any one of the preced- 
ing claims, characterised In that the sizing sleeve 
includes an entry portion (86) which projects radially 
inwards of said sizing sleeve inner surface. 

9. A sizing sleeve according to claim 8, characterised 
In that it Includes means (84) for injecting said fluid 



behind said inwardly projecting entry portion (86). 

1 0. A sizing sleeve according to daim 9, characterised 
In that said injecting means includes a circumfer- 

5 ential slot (92) located behind said entry portion 
(86). 

11. A Sizing sleeve according to claim 10, character- 
ised In that it includes a screw connection (88) be- 

10 tween said entry portion (86) and a manifold to ad- 
just the area of said slot. 

1 2. A sizing sleeve according to claim 8, characterised 
In that said entry portion (86) includes a hardened 

IS contact surface (91 ) having a diamond-like coating. 

13. A sizing sleeve according to any one of the preced- 
ing claims, characterised In that the coaxial rings 
(30) are held in place by a clamping an-angement 

20 consisting of a pair of clamping rings (44, 46) Joined 
by a series of tie bars (48). 
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1 . Kalibrtemnuff e fur die Kontrolle des guBeren Durch- 
messers eines im Innem unter Druck stehenden 
Plastlkrohres (2), das sich durch die Kalibriemiuffe 
hindurch fortbewegt, wobel die Kalibrlermuffe ein 

30 aufwarts liegendes Ende und ein abwSrts liegendes 
Ende in Bezug auf die Fortbewegung des Rohres 
besitzt, und mindestens zwel unter Dmck stehen- 
den Kalibriemiuffeabschnitten enthSIt, wobei jeder 
Abschnitt ein Mittel besitzt zum Einspritzen eines 

35 Fluids unter Druck, Im wesentlichen urn den Um- 
fang des Rohres (2) herum, um eine schmlerende 
Fluidschicht zwischen eincr inneren Oberf lache der 
Kalibriermuffe und dem Rohr (2) zu erzeugen, wo- 
bel die unter Druck stehenden Kallbriemiuffeab- 

40 schnltte mit Hilfe einer Drainagezone axial vonein- 
ander getrennt und isollert sind, dadurch gekenn- 
zelchnet, dass jeder der unter Druck stehenden 
Kalibriennuffeabschnitte ein inneres Kalibriennuf- 
feelement aufweist, welches Element eine VIelzahl 

45 von koaxlaten Ringen (30) besitzt, die Ende gegen 
Ende angeordnet sind, und Qber eine Vielzahl von 
EinspritzSffnungen (56) verfugt, welche Einspritz- 
dffnungen srch quer Qber die Ringen hinweg er- 
strecken, und dass ein ringformiges Fluidverteiler- 

50 rohr (38) aufweist, das das innere Kalibriermuffe- 
element radial umgibt und das Fluid von einem 
Fluidversorgungsmittel erhalt und mIt den Einsprit- 
zoff nungen (56) in Kommunikatlon steht. wobel die- 
se Einspritzoffnungen (56) zwischen den Endfla- 

55 Chen (54) von nebeneinander iiegenden Ringen 
ausgebildet sind und aus Rlllen In einer Oder in 
mehreren der EndfiSchen (54) gebildet werden, und 
wobel diese Rlllen In Verbindung stehen mit dem 
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Fluidversorgungsmittel und sich hin auf die innere 
Oberflache der Kalibriemnuffe erstrecken. 

2. Kalibriermuffe nach Anspruch 1 , dadureh gekenn- 
zelchnet, dass die Rillen (54) sich im wesentiichen 
radial uber die Endoberfliche erstrecicen. 

3. Kalibriermuffe nach Anspruch 1 oder 2, dadureh 
gekennzeichnet, dass die Einspritzoffnungen (56) 
einen ausreichend hohen Unterschied im Drucic 
zwischen dem Fluidverteilerrohr (38) und der 
schmierenden Ruidschicht erzeugen, derart dass 
eine Dmclweranderung von 50 % In der schmieren- 
den Ruidschicht eine Veranderung von wenlger als 
20 % bei der Abflussmenge der Ruideinspritzung 
durch die Einspritzoffnungen (56) verursacht. 

4. Kallbriemiuffe nach Anspruch 3, dadureh gekenn- 
zelchnet, dass der Drucic in dem Rutdverteiten^ohr 
(38) den inneren Oruck in dem Rohr (2) uberschrei- 
tet. 

5. Kalibriemiuffe nach Anspruch 4, dadureh gekenn- 
zelehnet, dass der Druck in dem Ruidverteilerrohr 
den inneren Druck in dem Rohr (2) urn 1 60 % Qber- 
schreitet. 

6. Kallbriemiuffe nach irgendeinem der Anspruche 3 
Oder 5, dadureh gekennzeichnet, dass die Ein- 
spritzoffnungen (56) einen Durchmesser von weni- 
ger ais 0,5 mm haben. 

7. Kalibriemiuffe nach Anspruch 6, dadureh gekenn- 
zelehnet, dass die Einspritzoffnungen (56) einen 
Durchmesser von wenlger als 0,25 mm haben. 

8. Kalibriemiuffe nach Irgendeinem der vorgehenden 
Anspruche, dadureh gekennzelchnet, dass die 
Kalibriemiuffe einen Eintrittsabschnitt (86) auf- 
weist, der sich an der inneren Rache der Kalibrier- 
muffe radial nach Innen erstreckt. 

9. Kalibriemiuffe nach Anspruch 8, dadureh gekenn- 
zelchnet, dass sie Mittel (84) zum Einsprltzen des 
Fluids hinter dem sich nach innen erstreckenden 
Eintrittsabschnitt (86) enthalt. 

10. Kalibriemiuffe nach Anspruch 9, dadureh gekenn- 
zeichnet, dass die Einsprltzmittel einen umlaufen- 
den Schlitz (92) umfassen, der sich hinter dem Ein- 
trittsabschnitt (86) befindet. 

11. Kalibriermuffe nach Anspruch 10, dadureh ge- 
kennzeichnet, dass sie eine Schraubenverbin- 
dung (86) zwischen dem Eintrittsabschnitt (86) und 
einem Fluidverteilerohr aufwelst, um die FISche 
des Schlitzes anzupassen. 



12. Kalibriermuffe nach Anspruch 8, dadureh gekenn- 
zelehnet, dass der Eintrittsabschnitt (66) eine ge- 
hfirtete Kontakloberflfiche (91) aufwelst, die mit el- 
ner diamantahnlichen Beschichtung versehen ist. 

5 

13. Kalibriermuffe nach irgendeinem der vorgehenden 
Anspruche, dadureh gekennzeiehnet, dass die 

Koaxlalringe (30) an ihrem Platz gehatten warden 
mit Hilfe einer Klemmvomchtung, die aus eInem 
10 Paar Klemmringen (44,45) besteht, die durch eine 
Reihe von Vertsindungsstangen (48) mitelnander 
veriaunden sind. 



IS Revendications 

1 . Manchon de calibrage pour rdgler le diam^tre ext^ 
rieur d'un tube de mati&re plastlque (2) placd sous 
pression interne se d6pla^ant&travers le manchon 

20 de calibrage, ie manchon de calibrage ayant une 
extr6mit§ amont et une extr^mitd aval par rapport 
au d^placement du tube, comprenant au molns 
deux parties de manchon de calibrage sous pres- 
sion ayant chacune des moyens pour injector un 

25 flulde sous pression essentiellement autour de la 
circonf6rence du tube (2) pour former une couche 
de ftuide lubrifiant entre une surface interne du 
manchon de calibrage et le tube (2), les parties de 
manchon de calibrage sous pression 6tant axlale- 

30 ment s^par^es et Isoldes I'une de I'autre par une 
zone de drainage, caraeterise en ee que chaque 
partie de manchon de calibrage sous pression com- 
prend un 6i6ment de manchon de calibrage interne 
ayant une pluralitd d'anneaux coaxiaux (30) agen- 

35 c6s bout h bout et ayant une plurality d'ouvertures 
d'Injection (56) s'§tendant en travers, et un collec- 
teur annulaire de f luide d'Injection (38) entourant ra- 
dialement r§l§ment de manchon de calibrage inter- 
ne, recevant du f luide d'un moyen d'alimentation en 

40 flulde et communiquant avec lesdites ouvertures 
d'Injection (56), les ouvertures d'Injection (56) 6tant 
fonn^es entre des surfaces d'extrdniitS (54) d'an- 
neaux adjacents, lesdites ouvertures d'injection 
Stant fornixes par des rainures dans une ou plus 

45 desdites surfaces d'extr6mit6 (54), et lesdites rai- 
nures communiquant avec iedit moyen d'alimenta- 
tion en flulde et s'^tendant vers la surface interne 
du manchon de calibrage. 

50 2. Manchon de calibrage selon la revendication 1 , ea- 
raeterlse en ee que lesdites rainures (54) s'6ten- 
dent sensibiement radialement en travers de ladlte 
surface d'extr^mltS. 

55 3. Manchon de calibrage selon la revendication 1 ou 
2, iearactdris^ en ce que les ouvertures d'injection 
(56) provoquent une dlff6rence de pression suffi- 
samment dievde entre le collecteur (38) et la cou- 
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Che de fluide lubrifiant de sorte qu'une variation de 
50% de la pression de la couche de fluide lubrifiant 
provoque molns de 20% de variation du d6bit d'in- 
Jection de fluide k travers lesdites ouvertures (56). 

5 

4. Manchon de callbrage selon la revendicatlon 3, ca- 
racterlse en ce que la pression dans ledit collec- 
teur (38) d6passe la pression interne dans ledit tube 
(2). 

10 

5. Manchon de callbrage selon ta revendicatlon 4, ca- 
ract^rlse en ce que la pression du coliecteur 66- 
passe 150% de la pression Interne dans ledit tube 
(2). 

15 

6. Manchon de callbrage seton i'une quelconque de 
revendicatlons 3^5, caracterise en ce que lesdi- 
tes ouvertures d'injectlon (56) ont un diamfetre inf6- 
rieur & 0,5 mm. 

20 

7. Manchon de callbrage selon la revendication 6, ca- 
ractdris^ en ce que lesdites ouvertures d'injectlon 
(56) ont un diamdtre Infdrieur k 0,25 mm. 

8. Manchon de callbrage selon i'une quelconque des 25 
revendicatlons pr^Sdentes, caracterise en ce 
que le manchon de callbrage comprend une zone 
d'entrSe (86) qui fait sail lie radialerhent vers I'int^- 
rieur de ladite surface interne du manchon de call- 
brage. ^ 



9. Manchon de callbrage selon la revendication 8. ca- 
racterise en ce qu' 11 comprend un moyen (84) pour 
tnjecter ledit fluide derri^re ladite zone d'entr^ (86) 
falsant saillie vers I'intdrieur. ^ 

10. Manchon de calibrage selon la revendication 9, ea- 
ractirise en ce que ledit moyen d'injectlon com- 
prend une feme p6riph6rique (92) sltu^e derri^re la- 
dite zone tfentrde (86). ^ 

11. Manchon de calibrage selon la revendication 10, 
caracterise en ce qu'il comprend une connexion k 
vis (88) entre ladite zone d'entrde (86) et un coliec- 
teur pour ajuster la surface de ladite fente. ^ 

12. Manchon de calibrage selon la revendication 8, ca- 
racterise en ce que ladite zone d'entrSe (86) com- 
prend une surface de contact durcie (91) ayant un 
rev§tement de type diamante. so 

13. Manchon de calibrage selon I'une quelconque des 
revendications pr^^dentes. caracterise en ce 
que les anneaux coaxiaux (30) sent maintenus en 
place par un am6nagement de serrage constitu6 ss 
d'une paire d'anneaux de serrage (44, 46) joints par 
une s6rie de banres d'accouplement (48). 



8 



EP 0 850 133 B1 



l ^ sssss S. S u 



10^ ^12. 



z 



Fie. 1 



i 1 

to 



f7 



i8 



10 \ to \20a \^ZOb \ \ \ 1 



^ 




Z2/ ^2e 

FIG . 2. 



EP 0 850 133 B1 




EP 0 850 133 B1 




Fie. e 



11 



EP 0 850 133 B1 




FIG. 7A 
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